the most common gynecological malignancy in the United States; however, the optimal adjuvant treatment for stage I endometrial adenocarcinoma remains elusive despite published results from randomized trials. Recent publications have revealed 5-year overall survival rates of 80% to 90% for women with stage I disease who have received total abdominal hysterectomy and bilateral salpingo-oophorectomy (TAH-BSO) and adjuvant radiation therapy (RT) based on clinical and pathological characteristics. [1] [2] [3] [4] [5] [6] [7] Despite these encouraging results, the specific subgroup of patients with American Joint Committee on Cancer stage IC (Ͼ50% myometrial invasion) and high-grade disease (grade 3 or 4) are known to have relatively poorer outcomes with higher rates of both local and distant relapses. 8 Variability in survival outcome across select patient groups has also been identified through clinical research. Postoperative RT with either external beam radiation, vaginal brachytherapy, or both have led to improved locoregional control of disease in multiple trials, although a consistent survival benefit for select subsets of patients has been difficult to determine. The study by Aalders et al 1 reported the results of a phase 3 trial of women with stage I endometrial adenocarcinoma randomized to adjuvant pelvic external beam radiation or observation following TAH-BSO and vaginal brachytherapy. This study revealed that pelvic RT led to reduced vaginal and pelvic recurrence rates, although 5-year survival was not improved (89% vs 91%, respectively). However, a survival benefit was suggested for only those patients with grade 3 tumors and stage IC disease (18% vs 27% cancer deaths, respectively). 1 The Gynecologic Oncology Group 9 recently reported results of a randomized trial that assessed specifically whether adjuvant RT would decrease relapses following hysterectomy and surgical staging of intermediate-risk endometrial cancer. The cumulative incidence of recurrence was 12% in the observation group vs 3% in the adjuvant RT group (hazard ratio [HR] , 0.42; 90% confidence interval [CI] , 0.25-0.73; P=.007); however, this improvement in recurrence-free survival did not translate into a statistically significant difference in overall survival at a median follow-up of 69 months. The study by Keys et al 9 used known clinicopathological risk factors to define a high-intermediate risk subgroup of patients. Those patients within the high-intermediate risk subgroup were more prone to relapse and experienced a significant benefit in diseasefree survival from pelvic irradiation. 9 Creutzberg et al 8 have also recently reported that patients with stage IC/ grade 3 or 4 disease are at higher risk of early distant spread and endometrial carcinoma-related death compared with other patients with stage I endometrial carcinoma. In this large randomized trial from the Netherlands, there was no significant survival benefit reported for adjuvant RT in patients with intermediate-risk stage I cancer. Hence, significant controversy continues to exist in regards to the role of adjuvant RT in stage I endometrial cancer.
Population-based studies are needed to further delineate the impact of adjuvant RT on survival outcomes for women with stage I endometrial carcinoma and to analyze the practice patterns of physicians in the United States. Using population-based cancer data, our goal was to quantitatively evaluate the frequency and effect of adjuvant RT on overall and relative survival.
METHODS

Data and Study Population
Data were obtained from the Surveillance, Epidemiology, and End Results (SEER) program of the US National Cancer Institute (NCI) using the SEER 11-Registries plus Alaska 1988-2001 data set (November 2003 edition). 10 The SEER database is composed of a set of geographically defined, populationbased, central cancer registries in the United States (data from Connecticut, Iowa, Hawaii, New Mexico, Utah, metropolitan areas of Atlanta, Detroit, Los Angeles, Oakland, San Francisco, San Jose-Monterey, Seattle-Puget Sound, and Alaska Native populations) and is operated by local nonprofit organizations under contract with the NCI. Serial registry data are submitted electronically without personal identifiers (deidentified) to the NCI on a biannual basis and the NCI thereafter makes the data available to the public for research purposes. 10 Because all SEER database information remains deidentified, approval by an ethics committee and informed consent by the study participants were not necessary to perform the analyses. The case ascertainment rate from the SEER registries has been reported to be 97.5%. The SEER database is the authoritative source of population-based information on cancer incidence and survival in the United States. In general, the populations covered by SEER are known to be representative of the whole United States.
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The analyzed study population included women diagnosed with American Joint Committee on Cancer stage IA-C (T1a-T1c disease without nodal involvement or distant disease spread) endometrial adenocarcinoma who underwent TAH-BSO. Histological classification was based on the International Classification of Diseases for Oncology codes (ICD 8380). 12 Patients were included who were diagnosed between January 1, 1988, and December 31, 2001, and for whom complete data sets were available. The following prognostic factors were included in the analysis: age, race, stage, grade, extent of surgery (whether pelvic or paraaortic lymph nodes were sampled in addition to TAH-BSO), and whether postoperative adjuvant RT was administered. Sampling of pelvic or paraaortic lymph nodes at time of TAH-BSO was designated as surgical lymph node examination. Information on race was used as entered in the SEER database (self-determined). This information was analyzed to evaluate known differences in prognosis according to race. The following were causes for patient exclusion from the analysis: clinical or pathological lymph node involvement (N1 disease), distant spread (M1 disease), surgery did not include TAH-BSO, lack of pathological staging, and cases with missing variables. Of 39 205 women diagnosed with stage IA-C endometrial cancer between January 1, 1988, and December 31, 2001, 21 249 women met the above criteria and serve as the patient population for our study. A total of 17 956 patients did not meet the above criteria due to multiple reasons (some patients had Ͼ1 exclusion criteria), such as lack of tumor grade information (n = 2816), lack of documented hysterectomy (n=1341), lack of known T status or lymph node status (n = 15 133), presence of N1 disease (n = 793), or unknown administration of RT (n=487). All participants in the SEER program routinely link patient files with vital records (ie, death certificates) in their respective areas of coverage to identify patients with cancer who have died (regardless of cause of death); therefore, death certificates are the source for information regarding underlying cause of death as recorded in the SEER program database. Furthermore, the National Center for Health Statistics conducts routine reviews of death certificates to ensure quality of data.
Statistical Analysis
Survival curves for overall survival were estimated using the Kaplan-Meier method and compared via stratified logrank test within each stage/grade com-bination, adjusting for age group (Ͻ56 years, 56-75 years, Ͼ75 years). The standard estimator of the survival function is the Kaplan-Meier (productlimit estimator). With the KaplanMeier survival curve, a consistent estimate of the survival curve can be computed from randomly censored data. At each patient death, the conditional probability of survival during the interval since the last death is calculated as the number of patients observed to survive beyond that point (those patients who have not yet died and have not left the trial for other reasons) divided by the number at risk. The value of the survival curve at that point is calculated as the product of the conditional probabilities of survival for all of the intervals up to that point. Using the stratified log-rank test instead of doing an individual log-rank test provides a more precise summary of the treatment effect within each stage/ grade combination adjusting for age group. An overall stratified log-rank test for comparing RT groups was also performed.
Proportional hazards modeling was used to study the association between the prognostic factors and survival end points. Proportional hazards means that the hazard of death at any given time for an individual in the group without RT is proportional to the hazard at that same time for a similar individual in the group with RT. Survival variability was examined with respect to overall survival, with rates measured from the date of diagnosis to either the date of death from any cause or the date of last contact. SEER unfortunately does not contain data on induction failures or relapses, which are necessary to determine event-free survival. As expected, we found overall survival to be highly affected by age. To ensure that any differences attributed to age are disease specific, we modeled survival relative to the US population. Cox proportional hazards regression modeling is based on the proportional hazards assumption, which states that each covariate affects the hazard of the event of interest (for overall survival, death) occurring multiplicatively. To adapt the classic Cox proportional hazards regression model for relative survival, for each patient the expected probability P of survival through the follow-up time was calculated based on US life-tables for women based on the patient's age, race, and year of diagnosis.
11, 13 Then, log(1/P) gives the total hazard experienced up to the patient's observed death or censoring time. Because technically Cox proportional hazards regression software works with additive effects on the log-hazard (which are equivalent to multiplicative effects on the hazard), a log[−log(P)] term with its coefficient fixed at 1 was included in the model; therefore, the regression described the effect of the covariates on survival beyond this known hazard.
We used proportional hazards modeling of the relative survival to assess the effects of clinicopathological factors.
14 First, we fitted a preliminary model containing all the explanatory variables: stage, grade, race, age at diagnosis, lymph node examination, and RT (allowing the effect of radiation to vary depending on the other covariates). We next examined the residuals and conducted a formal test of the underlying assumption of proportional hazards, which revealed that the effects of stage, grade, and age at diagnosis were not well described by that assumption. We extended our model to allow different baseline hazards for each stage/grade combination via stratification and thus eliminating the proportional hazards assumption for them. For age at diagnosis, the associated hazard appeared to decrease linearly by time from diagnosis; therefore, we added an appropriate timedependent covariate: the interaction of time since diagnosis and age at diagnosis. The resulting model showed no evidence of nonproportional hazards. Higher stage and higher grade were found to be associated with both older age and increased use of postoperative RT. Table 1 also shows the frequency of surgical nodal sampling performed at the time of TAH-BSO for each patient cohort. White women comprised 88.5% of the total analyzed study population. A total of 18 255 women were alive at the time of last follow-up (709 died due to endometrial cancer, 2165 died from other causes, and 120 had no recorded causeof-death information). The median follow-up time for women included in the analysis was 46 months (range, 0.1-167.0 months).
Survival Probabilities
FIGURE 1
shows Kaplan-Meier survival curves for overall survival with or without RT compared via stratified log-rank test within each stage/grade combination adjusting for age. As expected, overall survival was highly affected by age for each of the specific stage/grade combinations. Stage IC/ grade 1 and stage IC/grades 3 and 4 cohorts were found to have statistically significant improvements in overall survival with the addition of adjuvant RT (both PϽ.001). The 5-year overall survival rates for patients with stage IC/ grade 1 disease for the age groups younger than 56 years, 56 to 75 years, and older than 75 years with and without adjuvant RT were 98% vs 88%, 94% vs 85%, and 84% vs 67%, respectively. The 10-year overall survival rates for the same group stratifications were 92% vs 69%, 76% vs 72%, and 59% vs 42%, respectively. The 5-year overall survival rates for patients with stage IC/grades 3 and 4 disease for the age groups younger than 56 years, 56 to 75 years, and older than 75 years with and without adjuvant RT were 86% vs 77%, 66% vs 56%, and 53% vs 39%, respectively. The 10-year overall survival rates for the same group stratifications (stage IC/ grades 3 and 4 disease) were 86% vs 77%, 51% vs 42%, and 27% vs 11%, respectively. No additional stage/grade groups were found to have statistically significant differences in overall survival associated with RT.
FIGURE 2 illustrates the estimated relative survival within each stage/ grade combination with and without the addition of RT. The estimates of relative survival were obtained by SEER*Stat software. Relative survival can go above or below 1 as the selected population could have better or worse survival than the overall population, respectively. These plots are not broken down by age groups as no statistically significant age effect on relative survival was observed (P =.60). These analyses reveal that for the specific stage IC/grade 1 and stage IC/grades 3 and 4 patient cohorts statistically significant improvements in relative survival were evident with the addition of adjuvant RT (PϽ.001 and P = .009, respectively). No additional stage/grade patient groups were found to have statistically significant differences in relative survival associated with RT.
Hazard Ratios
Because the effect of stage and grade on relative survival was not well described by a proportional hazards model and thus separate hazard functions were used for each stage/grade combination, the difference between any 2 groups cannot be summarized with 1 HR value. Nonetheless, investigation of the 9 baseline hazard estimates showed that both higher stage and higher grade disease were P values are for radiation effect averaged over the observed race, lymph node examination status, and age at diagnosis specific for each stage/grade combination and adjusted for interactions and nonproportional hazard effects. Survival in plots for radiation therapy and non-radiation therapy groups is relative to survival of overall US population of women, according to age, race, and year of diagnosis. The number of patients at risk in both groups are at time points for every 30 months. Error bars represent SE.
dence of the effectiveness of RT depending on stage and grade: higher grade was associated with diminished effect of radiation, and higher stage was associated with increase in the relative survival. Detailed HR estimates for each stage/grade combination for a typical patient from each of the 9 groups (averaged over age, race, and presence of lymph node examination) are shown in The estimated effect size is equally impressive for the stage IA-B/grade 1 cohorts; however, the CIs are wide due to the relatively small number of patients receiving RT. Our model has not revealed noticeable variability of the effect of RT depending on whether surgical lymph node examination was performed. To confirm this, we performed a separate analysis of those patients who received a surgical lymph node examination at the time of TAH-BSO. These results are also shown in Table 2 and reveal that the determined estimates are similar to the entire cohort.
COMMENT
Our study was performed to evaluate the frequency of utilization and effect of adjuvant RT on overall survival and relative survival for stage I endometrial adenocarcinoma by analyzing a large US population database. Radiation therapy was significantly associated with improved overall survival and relative survival for the stage IC/grade 1 and stage IC/grades 3 and 4 cohorts. To our knowledge, as the largest reported population analysis of the use of adjuvant RT in early stage endometrial adenocarcinoma to date, it is significant that our study reveals an association in both overall survival and relative survival for adjuvant RT in stage IC disease (grades 1 and 3-4 cohorts).
A central strategy used to improve patient outcomes in the treatment of all cancers is to customize therapy based on risk stratification. Multiple studies have shown that patients with stage I endometrial carcinoma who are treated with therapy tailored to known prognostic factors have 5-year overall survival rates of 80% to 90%, and 5-year cancer-specific survival rates of 90% to 95%. [1] [2] [3] [4] [5] [6] [7] Studies have also revealed that the particular patient cohort with highgrade tumors and deep (Ͼ50%) myometrial invasion have a significantly higher risk of both locoregional and distant relapse. 8 The Gynecologic Oncology Group staging study 16 revealed that microscopic pelvic nodal metastases were present in 18% of patients with clinical stage I and deep myometrial invasion (defined as outer third of the myometrial wall) in comparison with less than 10% for the rest of the population. The randomized trial results reported by Aalders et al 1 revealed that the addition of external beam radiation after TAH-BSO and vaginal brachytherapy led to reduced vaginal and pelvic recurrence rates, although a statistically significant survival benefit was not observed (5-year survival rate, 89% vs 91%). This study also suggested a survival benefit for the specific subgroup of patients with grade 3 tumors and deep (stage IC) myometrial invasion. The study by Meerwaldt et al 17 also reported an increase in local-regional relapse rate for the specific subgroup of patients with stage IC/ grade 3 disease. Due to these previous studies, it was decided to exclude this higher-risk subgroup from random assignment within the multicenter Postoperative Radiation Therapy in Endometrial Carcinoma trial of stage I disease. 2 As shown in the study by Creutzberg et al, 8 the high-risk patients (stage IC/grade 3) who were excluded from randomization but who were registered experienced a 5-year local-regional relapse rate of 14%, distant metastatic rate of 31%, and overall survival of 58% (PϽ.001) compared with 5-year local-regional relapse rate of 1%, distant metastatic rate of 3%, and overall survival of 83% to 85% for stage IA-C/grades 1 and 2 tumors within the randomized portion of the Postoperative Radiation Therapy in Endometrial Carcinoma trial. 2 Creutzberg et al 8 reported that grade 3 disease was the most important adverse prognostic factor on multivariate analysis associated with relapse and death as a result of endometrial cancer.
Although adjuvant RT has not led to clear statistically significant differences in survival end points from past randomized trials, it is significant that our population analysis reveals a benefit in both overall and relative survival for adjuvant RT in stage IC disease (grades 1 and 3-4 cohorts). It has been postulated that the lack of clear survival benefit in these prior randomized trials has been due to poor accrual and insufficient patient numbers at the time of analysis. As described above, RT has been shown in numerous phase 3 trials of early stage endometrial cancer to improve both the local and regional control of tumor. [1] [2] [3] 5, 9, 17 In addition, the study by Creutzberg et al 8 reported that the disease-free and overall survival rates of patients with stage IC/grade 3 endometrial cancer are heavily influenced by the increased risk of distant relapse rates. Due to this risk and in an attempt to control distant disease, several groups are currently performing randomized phase 3 trials to compare outcomes for patients with high-risk disease with adjuvant chemotherapy and RT vs adjuvant RT alone (stage IC/grade 3, stages II and III, and/or papillary serous or clear-cell histology). In addition, 2 randomized trials have been completed evaluating the efficacy of chemotherapy in the adjuvant setting. The study by Morrow et al 18 reported no benefit to adding singleagent doxorubicin in the postoperative setting. Multiagent chemotherapy has also been shown to be of benefit in those women with metastatic endometrial carcinoma. 19 Given that our analysis as well as other analyses have revealed that advanced age is a strong adverse prognostic factor, 1,2,4,20 it would seem that this would lead to relatively favorable patients being studied on chemotherapy trials; one should be aware of potential selection bias.
Several limitations of this US population-based study must be considered. Although there is a reported 97.5% ascertainment at the participating SEER sites, these sites only comprise approximately 10% of the US population.
11 In addition, specific clinical and pathological data known to be of prognostic significance are not readily available, including information regarding lymphovascular invasion, precise depth of myometrial invasion, lower uterine segment involvement, or specifics of RT, such as radiation dose, field sizes, and compliance with therapy. 10 Therefore, we were unable to adjust for these factors in our analyses. Our results reveal a statistical association between adjuvant RT and survival; however, these data do not prove a causal relationship. We observed an improvement in survival for stage IC/grade 1 and stage IC/grades 3 and 4 but not for stage IC/grade 2, which may be due to the relatively small sample size in each subgroup or due to inherent difficulties assigning grade. In addition, the SEER database does not record history of treatment failure (whether local-regional or distant spread) or time of relapse. The lack of these data prevent SEER population analyses from containing an event-free survival component. Individual data on socioeconomic status were not analyzed in our study and may play a role in patient outcomes. However, due to recent collaborations by the NCI with the Census Bureau, the National Heart, Lung, and Blood Institute, the National Institute on Aging, and the National Center for Health Statistics, an analysis of socioeconomic status using SEER data are possible. The SEER project has been formulated to allow future researchers to more comprehensively analyze race/ ethnicity, socioeconomic, and treatment differences in cancer outcomes for major cancer sites.
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Our study is an observational study in which patients were not randomized to whether or not to receive radiation. The choice was made based on the patient's clinical status and the treating physician's beliefs and judgment. It would be tempting to include all possible influences affecting survival and the decision to administer RT in a model; however, having too many covariates reduces the power for the main comparison of interest. Thus, we try to strike a balance between including too many factors in the analyses and biasing our conclusions. The factors affecting the postdiagnosis survival can be of several types: those that affect survival but do not contribute to the decision whether to administer RT, known factors that affect both survival and the decision to administer RT, or unknown or unmeasured factors that affect both survival and the decision to administer RT. For those factors that affect survival but do not contribute to the decision whether to administer RT and the effect of which does not change if RT is administered or vice versa (factors that affect the decision to give RT but do not affect survival independently of other covariates included in the analysis), the omission of such factors reduces the precision of the estimates of the effect of radiation; however, it does not bias the results. We believe geographical differences are included in the latter category. When the known factors that affect both survival and the decision to administer RT are included in the model, the estimated effect of radiation is adjusted for such factors, as long as the model adequately captures the effect of the variable. T stage, grade, race, age at diagnosis, and history of surgical lymph node examination belong in this category. The most difficult type to deal with is unknown or unmeasured factors that affect both survival and the decision to administer RT. We believe that the general tendency would be to treat more advanced cases using RT, thus confounding poorer prognosis with the effect of radiation and biasing our results against RT. Therefore, any findings of beneficial effect of RT are likely to be real (if underestimated), although findings of no effect are less conclusive.
As the largest reported population analysis to our knowledge of adjuvant RT in early stage endometrial adenocarcinoma to date, it is significant that our study reveals a benefit in overall and relative survival for adjuvant RT in stage IC/ grade 1 and stage IC/grades 3 and 4 disease. This information should be added to previous articles in the literature that confirm beneficial effects of adjuvant RT on both local and distant tumor control for certain patient cohorts.
Endometrial cancer remains the most common gynecological malignancy in the United States. Statistical analysis cannot replace clinical judgment when considering the individual patient, tumor characteristics, and the potential risks and benefits of adjuvant RT. Hope-fully, appropriate adjuvant RT will be used to decrease the death rate from this most common of gynecological malignancies. Future work is needed to continue to delineate clinical and biological factors that can guide treatment and account for disparities in outcome between varied subsets of patients.
